To assess the effect of bathing with water only or with mild pH neutral soap and water on skin flora of preterm newborns.
INTRODUCTION
Routine bathing may harm the neonatal skin because of the fragile epidermis 1 and allow increased colonization of environmentally acquired bacteria. Most authors state that all soaps are irritating and emphasize that their frequent use is harmful, because they remove the lipid film from the skin surface. [2] [3] [4] Physiologically, the skin pH, which is neutral at birth, acidifies during the first week of life, with a pH varying from 5.0 to 5.5. 1, [5] [6] [7] This ''acid mantle'' diminishes bacterial colonization and promotes the retention of humidity at the skin barrier. 8 Bathing may undo the ''acid mantle'' elevating the skin pH. 2, 9 Mechanisms involved in skin colonization of preterm newborns in a NICU have not been fully explained. 10 The skin colonization of a newborn in a NICU is consequence of multiple factors, including routine baths. In a review of the literature it was found that no study investigated the effect of bathing with water only or bathing with mild pH neutral soap and water on the skin microbial flora of preterm newborns.
Our hypothesis is that the type of bath may influence the number of colonies and type of microorganisms present in the skin flora. This study compares the type of microorganism and quantity of colonies present on the skin of preterm newborns before and after bathing.
PATIENTS AND METHODS
A randomized blind clinical trial was performed with preterm newborns with gestational age between 28 and 35 weeks and birth weight between 800 and 1800 g who were admitted to a single neonatal intensive care unit between October 1, 2002 and December 31, 2003. The evaluation of gestational age, performed immediately after birth, was determined using the maternal dates, and confirmed by clinical findings.
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Exclusion criteria were: preterm newborns with skin breakdown, congenital malformations, children of HIV-positive mothers, children of mothers with any infection of the STORCH group during pregnancy, nonuse of the Kangaroo Mother Method (skin-to-skin contact), mechanical ventilation, intravenous or intra-arterial catheters and clinical suspicion or proven infection at the time of taking the axillary cultures. The Kangaroo method is routinely used in the NICU where the study was performed. Since in this method there is skin-to-skin contact between newborn and mother, then not using this method may lead to a different type of skin colonization. Therefore, it was decided to exclude from the study newborns in whom the Kangaroo method was not used. The use of invasive procedures such as mechanical ventilation and intravenous or intra-arterial catheters, was an exclusion criteria because of increased infection risk.
Classification of Newborns
All preterm neonates born during the data collection period, who fulfilled the eligibility criteria, were randomly assigned to one of the two groups. Group A consisted of preterm neonates who were bathed daily with water only for 7 consecutive days, and Group B consisted of preterm neonates who were given a daily bath with water and liquid mild pH neutral soap for 7 consecutive days ( Table 1) . By protocol the infants were bathed daily and once for 7 consecutive days without systemic antibiotic therapy then axillary quantitative bacterial cultures were performed. Cultures were collected between the 11th and 30th day of life. From the time of assignment to the time of axillary culture, antibiotic-treated infants received the assigned bath type.
The subjects were randomized in blocks of 10 preterm newborns each, and each block contained five subjects from each group. The purpose of this technique was to ensure that the number of participants would be distributed equally among the study groups. A 1-year period was estimated to complete the data collection of the study sample. Taking into account that seasonal changes in nosocomial colonization could occur during this period, it was decided to perform randomization in blocks of 10. In this manner temporal changes in colonization could be controlled. The Computer Program for Epidemiologists (PEPI v.3.0) 12 was used for block randomization.
During the first 3 days of life, all preterm newborns were bathed with liquid soap and water, according to the unit routine. These baths were not taken into account in the study. Members of the nursing team in the NICU administered the daily baths. Since the control group was to be treated according to the unit routine, with a daily bath, the experimental group (water only) also had a daily bath.
The technique of the sponge bath was similar for both groups except the cleansing agent used. The same tap water was used in both groups (pH ¼ 6.77). The sponge bath was performed using soft cotton compresses, which were wetted only with water (group A) or with liquid soap and water (group B). The bath began by washing the newborn's face with cotton compress soaked only in water and afterwards dried, in both groups. Then the scalp was washed and dried. Next the neck, abdomen, back and extremities were washed. Finally, the genitals and the buttocks were washed. The newborn's whole body was dried, diapered, and returned to the incubator.
Procedures
After seven antibiotic-free bathing skin cultures were collected from the right axilla. A single researcher, blind to the type of bath given to the newborn, performed the collection procedure. The collection method for a microbial skin culture was based on a technique previously used by Franck et al. 13 Two collections were performed, in each preterm newborn, once immediately before a bath and another 30 minutes after the bath. The cotton swab was dipped into 5 ml of tryptic soy broth culture media and then painted 10 times on the right axilla in a same 2 cm 2 area. The cotton swab was painted on the axilla five times in the vertical direction and five times in the horizontal one. The cotton swab was placed back into the tryptic soy broth media and sent to the microbiology laboratory immediately after each collection.
Blinded quantitative cultures of 0.05 ml of the tryptic soy broth were performed using sheep blood agar culture plates. The number of colony forming units (CFU) of each microorganism was determined after 48 hours incubation. Identification of microorganisms was based on the morphological analysis of the colonies, on biochemical tests and on the use of an automated mini API s system (bioMérieux, Dulham, USA). The microorganisms identified were coagulase-negative Staphylococcus, Staphylococcus aureus, Gram-negative bacilli and Candida sp.
Sample Size
The reference used to calculate the sample size was the study by Franck et al., 13 estimating that the difference in proportion (microorganisms) between the groups was 34% (26% versus 60%). A 5% (a ¼ 0.05) level of significance and a power of 80% (b ¼ 0.2) were established. 12 It was estimated that 66 subjects would be needed, 33 preterm infants for each group.
Statistical Analysis
Since the data in CFU presented an asymmetrical distribution, logarithmic transformation was used to normalize the data distribution. The culture before bathing and the culture 30 minutes after bathing of the groups were compared using the repeatedmeasures ANOVA.
The categorical data involving the occurrence or not of the different microorganisms studied were compared among the groups 
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The Ethics Committee of the hospital where the study was performed approved the research protocol, and all the preterm neonates had the written consent of their parents to participate in the project.
RESULTS
During the study period 394 newborns with gestational age <37 weeks were hospitalized in the NICU. Of these, only 106 fulfilled the inclusion criteria (gestational age between 28 and 35 weeks and birth weight between 800 and 1800 g). However, 10 were excluded because they had not participated in the Kangaroo Mother Method due to the severity and instability of their clinical picture, five had malformations, four had a congenital infection and one died. The others were included in the study.
In all, 86 preterm newborns were included in the study, 43 in each group. In group A there were 10 exclusions, nine due to the use of antibiotics such that they did not remain untreated for 7 days before 30 days of age, and one who died. In group B three neonates were excluded, two because they had been treated for a long time with antibiotics, and one who died. Thus, 73 premature newborns distributed in groups A (n ¼ 33) and B (n ¼ 40) participated in the analysis.
There was no difference in the two groups as to birth weight, gestational age and age (days of life) in collecting skin cultures. Skin cultures of newborns in both groups were obtained at an average of 19 days of age. The number of patients not treated with antibiotics and those who were treated with antibiotics before the seven days ''off'' was similar in both groups (Table 2) .
Organisms present before the bath showed a high prevalence of coagulase-negative Staphylococcus in both groups and overall no difference in incidence of any bacterial species (Table 3) .
As to the difference in the number of CFU between the culture before bath and the culture 30 minutes after bath, the repeatedmeasures ANOVA showed a significant difference in the CFU counts of Gram-positive ( p<0.001) and Gram-negative ( p ¼ 0.032) bacteria, indicating that the skin colonization decreased between the culture before bath and the culture after bath. This change was similar for both groups (Figures 1 and 2) . No significant diference in the CFU counts of Gram-positive ( p ¼ 0.13) and Gram-negative ( p ¼ 0.80) bacteria occurred between the water bathing and the soap and water bathing (Figures 1 and 2) .
The patients were analyzed after stratification according to the use of antibiotics. This analysis evaluated the preterm infants who were and were not treated with antibiotics comparing the group that was bathed only with water with those bathed with soap and water. No statistically significant difference was found among the groups. Thus, use of antibiotics did not affect the comparisons of water bathing when compared with soap and water bathing.
Of the 73 preterm newborns, three had a positive blood culture between the time of randomization and the time of axillary culturing. Two Group A infants had positive blood cultures: one coagulase-negative Staphylococcus and the other was Staphylococcus aureus. The skin cultures of the former patient was congruent with the blood culture (same strain), but the latter patient was not congruent. In group B, the same strain of coagulase-negative Staphylococcus was identified in one blood culture and was also identified in the skin culture of the same preterm newborn. 13 demonstrated that 26% of preterm infants had Gram-negative organisms in skin cultures. Our results are similar to those of Franck et al. The difference between term and preterm infant colonization may be due to the short period of time term infants spend in the hospital hence preventing nosicomial infection or to specific conditions of their skin such as being drier. 18 Although no difference in the effect of water or soap and water was noted on types of organisms or CFU, we did show a significant decrease in CFU following bathing in both groups. However, no significant effect difference was found between the groups. We are unaware of a similar study in preterm infants in the literature. A single study by Medves and O'Brien compared skin cultures of two groups of term newborns whose admission bath was either water only or soap and water. They showed that both conditions had a minimal effect on the bacterial colonization of skin at birth. 19 Gfatter et al. 2 showed that bathing with soap triggers an elevation in skin pH which interferes in physiological protection (acid mantle) provoking a change in the composition of the cutaneous bacterial flora and in the activity of enzymes on the epidermis. For this reason, the use of soap once or twice a week is recommended, considering that daily bath routine is responsible for drying the skin, predisposing to breakdown. 1 Lack of skin integrity favors invasion of bacteria and fungi, and development of systemic infection. 20 In the present study, skin culture was not a good marker of sepsis, since a small number of cases with positive blood culture was found, that is, of the 73 preterm newborns, only three developed sepsis since the time of randomization. Sample size was not figured out for this purpose, although, according to Evans et al., 15 the surface cultures of the skin are of limited value in predicting the etiology of neonatal sepsis.
A limitation of our study is the lack of blinding the nurses who were administering the baths. However, we believe that this did not affect the results, because both the researcher who performed the axillary cultures and the microbiologist who performed the bacteriological studies were blinded to the type of agent used in bathing.
In conclusion, our data demonstrate that bathing premature infants results in reduced skin colonization by bacteria from before to after the bath. Bathing with water or soap and water does not affect this result. No difference in types of bacteria or colony counts were observed in the prebath skin culture after 1 week of baths whether the infants were bathed with water or soap and water.
